Point-of-care ultrasound (POCUS) has increasingly become more available, though not yet ubiquitous, in emergency departments (EDs) and increasingly important to the specialty of emergency medicine. [9] [10] [11] POCUS has become the standard of care for evaluating trauma patients with the focused assessment with sonography for trauma examination, and its value beyond this application is many and expanding. [12] Much research has been done regarding POCUS in the ED including its accuracy and impact on efficiency. [13] [14] [15] [16] [17] The number of residency programs that offer fellowships in emergency ultrasound has grown and has, therefore, increased the number of ultrasound fellowship-trained emergency physicians and residency-graduated emergency physicians comfortable for performing POCUS. [12] In recent years with the promulgation of ultrasound, it has become evident that POCUS may be used to measure optic nerve sheath diameter (ONSD), which serves as a reliable marker for elevated ICP when ONSD is increased. [18] [19] [20] [21] [22] Millions of cervical collars are placed annually during the care of trauma patients. [23] The benefits of the cervical collars are not known, and they are potentially negative in regard to such things as time to extraction, transport times to the hospital, as well as their influence upon ICP. [23] [24] [25] The use of POCUS may help guide the risk-benefit analysis of cervical collars when POCUS is utilized to measure ONSD and thus ICP in the trauma patient.
When we initially conceived the study, we hypothesized that the ONSD would increase when a person is wearing a rigid cervical collar for spinal immobilization versus when she/ he is not wearing a cervical collar. ONSD has been shown to correlate with ICP; therefore, this study aimed to imply that cervical collars increase ICP and that ocular ultrasound can rapidly assess ICP through the measurement of ONSD. During our study period, two similar, small studies were published providing some evidence for our hypothesis. Thus, we additionally sought to validate the results of these studies in an independent data. [26, 27] 
Methods

Study design
This study was a prospective, crossover study in healthy volunteers to assess the difference between ONSD for participants with and without a cervical collar in place.
Study setting
Thirty healthy individuals were enrolled at a Level II trauma center in Corpus Christi, Texas, USA. The protocol was developed and subsequently approved by the CHRISTUS Health Internal Review Board on August 2, 2017. The study was conducted over two separate didactic sessions in September of 2017.
Study subjects
We recruited 30 volunteers from a group of emergency medicine residents, faculty of the residency program, and rotating medical students. Individuals had to be generally healthy, between the ages of 18 and 65 years, and willing and able to volunteer for this study to be included. Exclusion criteria included inability to consent, inability to lay flat on a bed or table for 15 min in duration, a history of glaucoma, globe injury, lens implant, or recent refractive surgery (within the past 60 days). In addition, volunteers were excluded if there was a history of stroke, elevated ICP, uncontrolled hypertension, or carotid artery disease. In view of the fact that volunteers in this study were primarily resident physicians from our own department, an independent counseling session was provided before the request for participation to avoid any perception of coercion in this study. All volunteers were verbally consented to take part in the study. No remuneration was provided for participation.
Measurements
Volunteers had an ONSD measurement done while wearing and while not wearing a cervical collar. They were randomized to either have ONSD measured first without cervical collar or initially with cervical collar. A rigid, "no-neck" cervical collar of appropriate size was used for the purposes of this study. The collars were Ossur Patriot ® collars which offer total cervical arch support, universal size, ventilation openings to reduce heat and moisture, and multiheight adjustment. Each collar was placed in a similar manner by a single investigator. A period of 10 min elapsed between collar placement or removal and the second measurement. Two sonographers with either registered diagnostic medical sonographer (RDMS) qualifications or ultrasound fellowship training performed ONSD measurements upon each volunteer in both the eyes. Figure 1 illustrates the ultrasound image and specific areas of measurement to obtain ONSD. Each sonographer was blinded to the results of the other sonographer. The volunteer was supine for at least 5 min before the first set of measurements and remained so during the subsequent 10 min before the second set of measurements. Measurements were done while the patient was flat without any head elevation. The measurement of the ONSD was in the transverse plane and was measured 3 mm behind the globe. The optic nerve sheath was defined as the anechoic column visualized in the retrobulbar space, its diameter measured as the inside the hyperechoic dura mater.
Statistical analysis
Data from the 30 volunteers were obtained from the sonographers and recorded by a single study author. Data collected included the participant's age and gender as well as the ONSD other both the eyes, from two sonographers, with and without a cervical collar in place. Continuous data were presented as mean ± standard deviation and were analyzed by paired t-tests. Alpha was set at 0.05. Confidence intervals (CIs) were calculated for mean difference between ONSD changes. The primary outcome parameter was the overall mean difference between cervical collars on ONSD. Multiple linear regression was performed to examine the relationship between variables and the primary outcome parameter.
Results
In total, 240 separate measurements of ONSD were recorded on thirty volunteers. The volunteers ranged in age from 25 cervical collars were noted to be associated with an increase ONSD. Woster's study took care not only to investigate whether an increase in ONSD associated with the placement of a cervical collar would be present but also whether or not this change in ONSD would be persistent or transient. In the study, the increase in ONSD that was noted with collar placement persisted for at least 15 min after the first measurement after collar placement.
While both of these studies were well designed and conducted, our study is novel for evaluating whether the order of placement of the cervical collar would be associated with a change in the diameter of the optic nerve sheath. Our study demonstrated that the change in ONSD with placement of a cervical collar appeared to be irrespective of the order in which the collar was placed or the time in which the patient was supine. Further, our multiple regression analysis found that gender, age, and timing of cervical collar placement were not significantly associated with changes in mean ONSD diameter.
Limitations
Our study has several limitations that warrant discussion. First of all, the study group was small, and yet, we did confirm an association between cervical collar placement and an increase in ONSD that had been observed in other reports. One of the unique aspects of the Maissan et al. study was the fact that the sonographers were blinded to the volunteers' collar status. We did not blind sonographers to participants' collar status in this manner; thus, there is a potential for bias in ONSD measurements from this perspective. In addition, another methodological concern within our study design was the fact that two sonographers comprised the role of Sonographer B. While we recorded measurements of two sonographers for each eye, for each patient, both with and without cervical collar placed, Sonographer A remained the same while two RDMS-qualified sonographers took turns making the measurements of Sonographer B. While we do not believe this significantly impacted the primary outcome of the study, it does limit our ability to assess for interobserver agreement.
Finally, another limitation of our study as well as the recent similar studies is that we performed ONSD measurements on healthy volunteers. The true utility of this modality would be to understand its accuracy in measuring ONSD and how this measurement could be utilized in the setting of evaluating ED patients with potential increases in ICP. We believe this provides a clear direction for future studies in this area of interest. We are currently developing protocols to compare ONSD measurements in uninjured patients against those with head injury and invasive monitoring devices where the ICP is known.
conclusIons
We found that cervical collar placement is associated with increased ONSD for healthy volunteers. Future studies should evaluate the utility of this modality for assessing patients with head trauma and other conditions that are associated with elevations in ICP.
to 50 years and had a mean age of 29.7 years ± 4.57. Thirty percent of our participants were female. The average ONSD with a cervical collar in place was 0.392 ± 0.081 cm, whereas the average ONSD without a cervical collar placed was 0.365 ± 0.071 cm. The mean change in ONSD for participants with and without the collar was 0.026 ± 0.064 cm (95% CI of difference: 0.015-0.038; P < 0.001) [ Figure 2 ], and these differences with the collar placement were essentially the same for each eye.
There were no significant differences for the mean change in ONSD irrespective of the order in which the collar was placed on (first 0.20 ± 0.071 cm vs. second 0.033 ± 0.055 cm; P = 0.26). The mean difference between measurements by each examiner was 0.019 ± 0.073 cm. Multiple regression analysis did not identify any participant variables associated with the variation in ONSD observed for collar versus noncollar.
dIscussIon
Two recent studies demonstrated that cervical collar placement was associated with increased ONSD. Maissan et al. conducted a prospective, blinded, crossover study of 45 healthy volunteers. Multiple measurements with and without cervical collars were recorded, and wearing a cervical collar was associated with increased ONSD. Unique to Maissan's study was the effort given in an attempt to blind the sonographers to each volunteer's collar status. A curtain was placed over each patient in a manner that allowed sonographers access to assess the ONSD while obstructing their view of the volunteer's neck. Before measurements, the Velcro straps of the cervical collar were opened and closed regardless of whether it was on the participant's neck, creating auditory ambiguity of the participant's collar status. Although this may not have been a perfect double-blinding process, it is good practice methodologically.
Woster et al.'s study was a prospective cohort study of 20 healthy volunteers. Baseline ONSD was measured and then ONSD was recorded both 5 and 20 min after cervical collar placement. Similar to the findings in the aforementioned study, 
